the same rate after the first few days of ethanol administrations, especially in mice that are 10 categorized as "sensitization resistant"? Does it reach a ceiling effect? Does it even start to 11 decline after reaching a peak level? None of these questions can obtain a response from 12 currently published studies. Therefore, the first aim of the present study was to explore the 13 development of ethanol sensitization over a period of 45 days in which ethanol was daily 14 administered to Swiss and DBA/2j mice, the two most widely used strains of mice in ethanol 15 sensitization studies.
16
Additionally, a second purpose of the present study was to test whether ethanol sensitization 17 results in a conditioned increase in locomotor activity when sensitized mice are tested after a 18 saline injection in the testing environment. In sensitization studies with psychostimulants, such 19 as cocaine or amphetamines, an excitatory conditioned response is usually observed when mice (12, 13, 26, 27) . In our laboratory, we never observed an excitatory conditioned response in 5 ethanol sensitization studies (see for example (4)). However, our previous studies tested the 6 excitatory conditioned response after only a few pairings of the test context with ethanol 7 injections (usually 8 to 10 pairings). It remains possible that an excitatory conditioned response 8 with ethanol requires more associations with the test context to develop. Therefore, in the 9 present study, ethanol-sensitized mice from both strains will be tested for an excitatory 10 conditioned response after 46 pairings of the test context with ethanol injections.
11
Finally, the last aim of the present study was to investigate the reliability of several recent 12 procedures that were used to categorize mice into low and high ethanol sensitized mice or 34% of mice were not included in the analyses. More recently, the same authors used a median-22 split technique on the locomotor activity scores at the 21 th ethanol sensitization session (30).
23
The lower half of the mice was classified as "low sensitized" whereas the upper half was 24 classified as "high sensitized". Finally, Botia and collaborators classified their mice as 25 "sensitized" or "resistant" based on a ratio between the 10 th and the first session of sensitization 6 1 (10,19-21) using a more complex formula (see below). In the present study, the statistical 2 implications of such categorizations of continuous variables will not be discussed, although it 3 is worth mentioning that statisticians usually do not recommend splitting continuous variables 4 into categories and instead advise the use of proper statistical methods for metric variables, such 5 as correlations or multiple regression analyses (41-44). The purpose of the present study is to 6 explore the reliability of such categorization and the consequences of their use on the 7 interpretation of the results. In particular, we were interested in studying whether mice 8 classified as "resistant" or "non-sensitized" on the basis of their levels of sensitization on the 9 10 th or the 21 th ethanol session respectively remain non-sensitized after 45 ethanol injections.
10
Indeed, it is possible that the so called "sensitization resistant" mice simply develop ethanol 11 sensitization later. They might even develop higher levels of ethanol sensitization after 45 12 ethanol injections. Conversely, the sensitized mice might reach a ceiling level of sensitization 13 or even show a subsequent decrease in ethanol sensitization expression. Such a pattern of results
14
would strongly affect the interpretation of the previously published results. For example, mice 15 previously classified as "sensitized" might be reclassified as "rapidly sensitized" or even
16
"temporarily sensitized", whereas "non-sensitized" mice might be characterized as "delayed 17 sensitization" or "postponed sensitization" according to the present results.
18

Material and methods
19
Animals
20
For the whole study, 95 Swiss and 65 DBA/2J female mice were used. Swiss mice were 21 bred in our colony from progenitors purchased from Janvier Laboratories (Le Genet St Isle, Council of 22 September 2010 on the protection of animals used for scientific purposes").
10
Drugs
11
Absolute ethanol (99.99%) was purchased from VWR International (Leuven, Belgium) 12 and diluted (20% v/v) in an isotonic 0.9% saline solution. All injections were administered via 13 the intraperitoneal (i.p.) route.
14
Behavioral sensitization
15
The same experimental protocol was used in all experiments to induce and test the 16 behavioral sensitization to ethanol in the two strains of mice. The experimental protocol was 17 adapted from previous ethanol sensitization studies from our laboratory (3,4,9). On the first day ethanol whereas DBA2/J mice were injected with 2.0 g/kg ethanol. These doses were selected 3 as the optimal doses for inducing ethanol sensitization in these two strains of mice on the basis 4 of previously published studies (4,9,10,18,20,21). Pilot studies from our laboratory also 5 confirmed slight differences between strains of mice in the proper ethanol doses to obtain a 6 significant behavioral sensitization (unpublished data). After ethanol injection, the distance 7 travelled (cm) by mice was then recorded for 5 min. This session length was chosen in order to 8 specifically capture the stimulant effects occurring during the ascending limb of the blood 9 alcohol concentration. The expression of ethanol sensitization was assessed on the 46th day.
10
All mice were injected with ethanol (respectively 2.5 and 2.0 g/kg for Swiss and DBA2/J mice) 11 and immediately placed into the experimental chambers. Their locomotor activity was recorded 12 for 30 min. The longer duration of this session was used to capture a possible delayed effect.
13
On the next day, all the mice were tested for their conditioned locomotor response after a saline The results of the ethanol (46 th day) and saline (47 th day) test sessions were analyzed with mixed 2 design ANOVAs in which the treatment administered during the acquisition phase was defined 3 as a between-subject factor (ethanol vs. saline) and the 5 min time interval as within-subject 4 factor (6 levels). Effect sizes were computed as simple eta-squared (η²) for each tested effect.
5
Tukey's HSD post-hoc tests were performed to further investigate mean differences between 6 groups.
7
Mixed design ANOVAs were computed to test for differences in the development of ethanol 8 sensitization between mice from both strains that were classified as "respondent to ethanol 9 sensitization" or "resistant to ethanol sensitization" according to the three classification 10 procedures described above. The sensitization sessions were defined as a within-subject factor, 11 while the group (resistant, respondent and control) was defined as a between-subject factor. To For all the experiments, the assumption of homogeneity of variances was assessed using a 2 Levene's test. When required, square root transformations were used to normalize the data 3 before the ANOVAs. However, for the sake of clarity, means of the raw values are presented 4 in the figures. Statistical significance was set at P<0.05.
5
Results
6
Behavioral sensitization 7 Development and expression of sensitization in female Swiss mice 8 As shown in Fig. 1 , the locomotor activity of female Swiss mice gradually increases 9 over repeated administrations of ethanol, whereas the saline control group remains stable. This 10 is confirmed by significant main effects for the group (ethanol vs. saline; F 1,93 =87.13, p<0.0001, conditioned test sessions decreased in the control group, whereas it remained virtually 10 unchanged in ethanol-sensitized mice, supporting the lack of habituation hypothesis. ANOVAs show significant main effects for the group -control, resistant and respondent - classified as resistant and respondent are already observed on the first acute session (p<0.0001).
19
In fact, resistant mice show a significantly weaker stimulant response to acute ethanol than 20 respondent mice.
21
To test for the expression of ethanol sensitization, a one-way ANOVA is computed on the total However, resistant mice also show higher ethanol-induced locomotor activity than control 2 mice, again indicating a significant ethanol sensitization in resistant mice.
3
As resistant and respondent mice significantly differ on the 1 st acute ethanol session, a rate of 4 change between the first and last sessions was computed for each mouse as a ratio between 5 locomotor activities on the 45 th and 1 st sessions. Such a ratio is usually used as an index of 6 locomotor sensitization. One-way ANOVAs were computed on the rates of changes to test for 7 significant differences between control, resistant and respondent mice. In Swiss mice, there is 8 a significant effect of the group (F 2,92 =26.81, p<0.0001, η²=0.37), which is due to significant 9 differences between mice treated with ethanol and the control group. In contrast resistant and 10 respondent mice do not significantly differ as confirmed by post-hoc tests. In DBA/2J mice, 11 there is no significant effect of the group on the rate of change in locomotor activity (F 2,62 =0.88, Finally, the rate of change in locomotor activity was computed as the ratio between locomotor 12 activities on the 45 th and 1 st sessions. In Swiss mice, there is a significant effect of the group 13 (F 2,68 =25.30, p<0.0001, η²=0.43). As for the median split classification, this effect is explained 14 by significant differences between ethanol and saline treated mice, whereas resistant and 15 respondent mice do not differ in the rate of change. In DBA2/J mice, there is no significant 16 effect of group in the rate of change (F 2,44 =1.24, p=0.299, η²=0.053). components of alcohol abuse and addiction and should be the subject of further studies.
10
The 30-min test session also provided interesting observations about ethanol sensitization. In 11 the control groups, naïve to ethanol before the test session, locomotor activity followed the However, this effect seems to be better interpreted as a lack of habituation to the test context 14 rather than as an excitatory conditioned response. Indeed, a within-subject comparison between 15 the habituation session (day 0) and conditioned test sessions (day 47) showed a significant 16 decrease in locomotor activity in the saline control group, which is indicative of a habituation 17 process, whereas locomotor activity remained stable in ethanol sensitized mice. Therefore, the 18 significant difference between control and ethanol-sensitized Swiss mice on the conditioned 19 test session was mainly due to a decrease of activity in the control group and not to an increase 20 level of locomotor activity in ethanol sensitized mice. This supports the idea that ethanol 21 prevented the process of habituation to the test environment. results were also obtained in Swiss mice (27, 51) . In a previous study in our laboratory with a 3 lower number of ethanol injections, no conditioned response was also observed in Swiss mice 4 (4). Remarkably, this lack of higher locomotor activity in ethanol sensitized mice on the 5 conditioned test was associated with a lack of significant habituation to the test context of the 6 saline control group. These previous results further support the lack of habituation explanation.
7
When the control mice do not show a significant habituation, probably due to an insufficient 8 exposition to the test context, no differences are observed between ethanol sensitized and saline 9 control mice on the conditioned test.
10
In contrast to the present results, some previous studies reported conditioned response in ethanol 11 sensitized mice after a saline challenge (52-54). Surprisingly, these studies reported an 12 excitatory conditioned response of very high magnitude, sometimes exceeding the sensitized 13 response to ethanol (52) and sometimes higher than the levels of conditioned response observed 14 with psychostimulants such as cocaine. The reasons for such discrepancies are difficult to 15 explain and might be due to many methodological differences between studies. For example,
16
Itzhak and Anderson used mice generated on a mixed C57BL⁄ 6J and SV129 background (53).
17
In conclusion, the present results extend previous reports indicating that sensitization to the sensitized" and "ethanol non sensitized" mice and into "resistant to ethanol sensitization" and 8 "respondent to ethanol sensitization". In the present study, these classification procedures were 9 reexamined after a long ethanol sensitization procedure. A first striking conclusion of the 10 present study is that the terms "ethanol non sensitized" and "resistant to ethanol sensitization" On the sensitization test (day 46), no statistically significant mean differences in the expression 10 of ethanol sensitization can be detected between the groups of resistant and respondent mice. Unfortunately, none of the reviewed classifications fulfills all these criteria. All three 3 classifications involved significant differences in the initial acute stimulant effects of ethanol.
4
The median split and extreme group classifications resulted in two groups of mice that differed 5 in the levels of ethanol sensitized effects at many time points, including the sensitization test 6 (day 46), but their rates of change were not significantly different. Finally, among those 7 classifications, the D10/D1 ratio classification is probably the closest to reach all criteria.
8
Although the groups differed on the rate of change and on the levels of ethanol sensitized effects 9 at several time points, differences on this later criterion tended to decrease with the number of 10 ethanol injections, such that no statistically significant differences were obtained on the test 
